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1. Introduction 
 
The types of cancer in medical record reach 
more than 100 different diseases. One of the top 
three of cancer diseases faced by patient includes 
colorectal cancer (CRC). CRC is the most common 
cancer in Malaysia by 13.2% compared to the 
Western Countries [1,2,3]. It is noticeable that this 
cancer has been spreading in Malaysia during recent 
decades. In Malaysia, generally among citizens 
above 50 years’ old diagnosed with colorectal 
cancer, there are more male cases than female cases 
[4,5,6]. It contributes to higher demand of bed’s 
patient due to neoplasm. Neoplasms may have 
begun with no cancer then malignant (cancer). They 
are also called as a tumour [3]. 
At present, the cause of colorectal cancer is not 
completely understood and nonspecific. It may 
involve numerous risk factors which contribute to 
developing colorectal cancer. The common factors 
identified amongst patients are age, polyps, family 
history, diet, tobacco and body weight [7]. 
Moreover, causes of CRC typically include gastric, 
ovarian, small bowel and others. 
The stages of CRC are based on the size of 
tumour developed by patient. Physical examination, 
biopsy and imaging test are the process of finding 
out the size of tumour. Colorectal cancer has four 
stages which are stage I and II that are called as 
earlier stage, while stage III and IV are called final 
stage. Publicly known, stage I means the condition 
where the cancer is kept to the inner wall of the 
colon, stage II means the cancer has blow-out 
through the wall of the colon, stage III means cancer 
has blow-out the blood vessel until lymph node and 
stage IV means the cancer has blow-out to other 
organs. The stages of CRC play an important factor 
in determining treatment options [7,8]. 
The guidelines to reduce and prevent 
development of colorectal cancer among individuals 
were introduced in 2017. It discussed about the 
screening to detection of cancer, radiotherapy to kill 
cancer cells and treatment or surgery of colorectal 
cancer. Unfortunately, less than 40% of individuals 
in their early stages take immediate action and keep 
in mind about the risk of colorectal cancer [2,5].  
However, the awareness of colorectal cancer 
screening in Malaysia is still lower than other 
cancer, especially cervical cancer. This probably 
gives higher impact to patients in an advance stage 
[9]. 
 
 
1.1 Background of regression 
 
Regression analysis is statistical methodology 
that utilizes the relationship between two or more 
quantitative variables. The outcome of the variables 
can be predicted based on data in regression 
analysis. This methodology can be applied in 
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business analysis, social analysis, biological 
sciences and other disciplines [10]. 
A few examples of applications are; (i) sales of 
product can be predicted through relationship 
between sales and amount of profit, (ii) the 
performance of employee can be predicted through 
relationship between worker performance and 
attitude test and (iii) the length of time stay in 
shopping mall can be predict by relationship 
between the money spending and buy items. All 
these applications show that the main objective in 
regression analysis is predicting. 
Recently, there are many models used by 
researchers in regression analysis such as multiple 
linear regression (MLR), logic model, fuzzy 
regression and others. There are many researchers 
studied about predicting tumour size of colorectal 
cancer of patients using fuzzy linear regression 
[1,11,12,13]. 
 
 
1.2 Aim of study 
 
The aims of this study are to identify which 
determinants give the higher impact to develop 
colorectal cancer stages and to determine whether 
MLR is a good model to predict tumour size of 
colorectal cancer by statistical measurement error 
such as mean square error (MSE), root mean square 
error values (RMSE), mean absolute error (MAE) 
and mean absolute percentage error (MAPE). 
 
 
2. Material and Method 
2.1 Material 
 
The data of this study is defined as the patients 
aged from 21 until 90 years old who show 
symptoms and suffer from colon cancer in any of 
the four stages and are receiving treatment at general 
hospital, Kuala Lumpur. The patients include male 
and female from various ethnics. 
 
 
2.2 Method 
 
In this study, MLR model are used toward CRC 
data. There are some conditions and assumptions 
that need to be determined first. Before using the 
MLR model, the model should fulfill the early 
assumptions such as normality test and 
multicollinearity. 
 
Multiple linear regression model is stated as 
follow, 
 
     Yi   =  0 + 1Xi1 + 2Xi2 + …kXik + )( i       
 (1)  
 
where: 
Yi is the value of dependent variable 
Β0, β1, β2 and βj are parameters 
Xi is a known as independent variables 
i = 1,……, n 
 
The function for least squares method is,  
 
       S(0, 1, 2, …,k)    =  S() = 

d
j
j
1
2       or  
T
  
From (1),      () = Y-X 
Then,           S() = (Y- X)T (Y- X) 
                      = YTY- 2TXTY + TXTX   (2) 
 
In order to minimize S(), we have to differentiate 
S() with respect to  where 
β
β ˆ
S is equal to 0, 
 
                      β
β ˆ
S   =  022  XβXYX TT  
 
Hence, the least squares estimator is, 
 
 βˆ  = (XTX) 1 XTY                                      (3) 
 
The values fit by the equation β0 + β1xi1 + ... + βixi 
are denoted as i, and the residuals ei are equal to yi- 
ŷ, the difference between the observed and fitted 
values [10].  
 
 
3. Results 
3.1 Assumption of MLR 
 
The data of this study tested for three 
assumptions and all the assumptions were satisfied 
and trustworthy. The results are shown in Table 1, 
Figure 1 and Figure 2. 
 
a) The constant variance of residual 
 
Scatter plot was used to identify a condition 
variance of residual using SPSS software. The 
points on the Figure 1 appeared to be randomly 
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scattered and shows no pattern. It can be assumed 
that the variance in the error terms is constant. The 
first assumption is satisfied. 
 
 
Figure 1 Scatter plot of constant variance 
 
b)   The residual of normality distributed 
 
To test the normality, this study used Q-Q plot 
by tumour size variable (dependent variable) to 
determine the shape/trend that follows the normal 
distribution. The Q-Q plot in Figure 2 shows that 
the data are in straight line. This indicates that the 
data are normal and the assumption is satisfied. 
 
 
Figure 2 Scatter plot of constant variance 
 
c)    Multicollinearity checking 
 
Table 1 shows that the tolerance values are 
less than 0.99 and all VIF values are less than 10. 
This indicates that the multicollinearity among 
independent variables do not exist.  
 
Table 1  Coefficients of tolerance values, VIF and 
eigen values for actual data 
 
Variable Tolerance VIF 
Eigen 
value 
(Constant)     18.145 
Gender 0.864 1.158 0.731 
Age (years) 0.860 1.163 0.672 
Ethnic Group 0.876 1.141 0.578 
ICD 10 Site 0.845 1.183 0.519 
TNM Staging 0.856 1.168 0.474 
Family 
History 
0.840 1.190 0.468 
Crohn's 
Disease 
0.869 1.151 0.418 
Polyp 0.863 1.158 0.354 
History of 
cancer 
0.787 1.271 0.334 
Endometrial 0.877 1.141 0.313 
Gastric 0.858 1.166 0.287 
Small bowel 0.843 1.186 0.281 
Hepatobiliary 0.891 1.123 0.249 
Urinary tract 0.844 1.185 0.245 
Ovarian 0.83 1.205 0.221 
Other cancer 0.839 1.192 0.189 
Intestinal 
Obstruction 
0.847 1.181 0.171 
Colorectal 0.841 1.19 0.154 
weight loss 0.854 1.171 0.119 
diarrhea 0.843 1.186 0.095 
blood stool 0.886 1.129 0.043 
anemia 0.867 1.154 0.076 
abdominal 0.787 1.27 0.012 
 
 
3.2 Analysis of multiple linear regression 
 
Majority of researchers in medical health will 
use MLR model to predict the tumour size of 
colorectal cancer (CRC). This study also applied 
MLR model toward CRC data. There are 25 
predictor variables and tumour  size of colorectal 
cancer as a response or dependent variables. The 
results in Table 2 showed that 11 predictor 
variables were significant toward tumour  size. All 
the significant variables are age at diagnosis, icd10 
site, TNM staging, family history, Crohn’s disease, 
history of cancer, gastric, ovarian, intestinal 
obstruction, anemia and abdominal. The MLR 
model is shown as below: 
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Ŷ = 76.056 + 0.421 age + 3.459 icd10 + 0.961 
TNM Staging – 16.738 family history + 5.035 
Crohn’s disease + 5.557 history of cancer – 6.517 
gastric + 12.865 ovarian – 4.350 intestinal 
obstruction – 7.943 anemia – 3.994 abdominal. 
 
Table 2  Summary of parameter estimation 
multiple linear regression model 
 
Independent variables Beta (β) Sig. Value 
(Constant) 76.056 *0.000 
Gender 1.977 0.286 
Age at diagnosis (years) -0.421 *0.000 
Ethnic Group 2.231 0.114 
ICD 10 Site 3.459 *0.027 
TNM Staging 0.961 *0.040 
Family History -16.738 *0.000 
Diabetes Mellitus 0.832 0.679 
Crohn's Disease 5.035 *0.012 
Ulcerative colitis 1.508 0.432 
Polyp -1.577 0.396 
History of cancer 5.557 *0.007 
Endometrial -0.869 0.648 
Gastric -6.517 *0.001 
Small bowel -3.33 0.087 
Hepatobiliary -1.047 0.589 
Urinary tract 2.597 0.176 
Ovarian 12.865 *0.000 
Other cancer 3.248 0.084 
Intestinal Obstruction -4.35 *0.022 
Colorectal 1.227 0.511 
Weight loss 3.063 0.1 
Diarrhea 0.75 0.695 
Anemia -7.943 *0.003 
Blood stool -2.158 0.233 
Abdominal -3.994 *0.038 
*Significant at 0.05 
 
The summarization of measurement errors value is 
shown in Table 3. 
 
Table 3 Result of statistical measurement error in 
MLR 
 
3.3 Summary of results 
 
In order to predict the tumor size of colorectal 
cancer and its significant determinants, this study 
performed multiple linear regressions (in mm). From 
the model, there are 11 predictor variables were 
significant to predict the size of tumor . 
 
 
4. Conclusion and Discussions 
 
This study applied MLR model to analyze the 
data. The MSE, RMSE, MAE and MAPE had been 
used to measure the effectiveness of the model in 
predicting the tumor size of colorectal cancer, based 
on the factor and causes of colorectal cancer. 
Only 11 independent variables are significant in 
this study and ovarian give the higher chances to 
develop CRC among patient by 12.865. The variable 
includes are age, icd10, TNM staging, crohn’s 
disease, history of cancer and ovarian are directly 
proportional to the tumor size. The rest of variables 
are inversely proportional to the tumor size. 
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